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ABSTRACT 

 

Background and aim: Both metabolic syndrome (MetS) and chronic kidney 

disease (CKD) are silent major global health issues and are major risk factors of 

cardiovascular and all cause death. Patients with MetS are at a significantly higher 

risk for CKD. Urinary IgG is an important marker protein for early glomerular 

damage and increased urinary IgG levels was found to be useful predictor of diabetic 

kidney disease in normoalbuminuric patients. We aimed to assess urinary 

immunoglobulin G (IgG) levels as a predictor of early CKD in subjects with MetS.  

Methods: A cross-sectional study with 81 adult individuals were enrolled. All 

participants were divided into 2 groups: with MetS (56 in MetS group) and without 

MetS (25 in non-MetS group), with MetS being identified using the NCEP-ATPIII 

criteria. Patients with known CKD, DM, neoplasm, infection or autoimmune diseases 

and pregnant women were excluded. Anthropometric, clinical and biochemical 

measures including urinary albumin/creatinine ratio (ACR), serum fasting plasma 

glucose, creatinine, lipid profiles, Haemoglobin A1c and fasting plasma Insulin were 

performed for all participants. IgG concentrations were measured by using human 

enzyme-linked immunosorbent assay (ELISA) and correlated these levels with 

urinary ACR and estimated glomerular filtration rate (GFR). CKD was identified by 

albuminuria and estimating GFR using the CKD-EPI equation. Logistic regression 

models were used to estimate the chances of elevated urinary IgG levels associated 

with MetS and its components.  
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Results: Showed that as compared with the non-MetS group, the adjusted odds 

ratios (ORs) of elevated urinary IgG levels were 7.7 in MetS group. Unadjusted 

analysis showed that the ORs of elevated urinary IgG levels were associated with 

elevated waist circumference, hypertension, elevated FBG and reduced HDL-c but not 

with elevated TG. In the adjusted model, ORs of elevated urinary IgG levels were 19.16 

(OR: 19.16; 95% CI: 4.40-83.5, P<0.001) for elevated waist circumference, 3.53 (OR: 

3.53; 95% CI: 1.03-12.2, P<0.05) for low HDL-c. TG/ HDL-c ratio, urinary ACR and 

HOMA-IR were significantly higher in the MetS group than in the non-MetS group (all 

P<0.05). Elevated urinary IgG levels was significantly correlating with urinary ACR 

(P<0.019) and showed statistically high significant negative correlation with 

absolute values eGFR.  

Conclusion: It is suggested that elevated urinary IgG levels could be a 

predicting biomarker for CKD in MetS normoalbuminuric subjects. From MetS 

components, mainly abdominal obesity accounted for the greatest strength of 

association with elevated urinary IgG levels. More attention should be focused on 

visceral obesity during risk management in order to prevent CKD and further 

research into the mechanism behind is needed. 

 

Keywords: metabolic syndrome, chronic kidney disease, urinary immunoglobulin 

 

INTRODUCTION 

 

Metabolic syndrome (MetS) and chronic kidney disease (CKD) are both major 

global health challenges. Furthermore, both CKD and MetS are major risk factors 

for cardiovascular and all-cause death(1). At least seven of the top ten causes of 

mortality in 2019 were linked to MetS and its associated chronic diseases(2). In the 

current COVID-19 pandemic, patients with MetS are also at a higher risk of severe 

morbidity and mortality(3). 

Metabolic syndrome has a significant impact on people's health and health-

care costs. It is critical to recognize the increased prevalence of MetS since, with 

intervention; the syndrome's course can be halted and even reversed(4). Those 

with MetS are at significantly higher risk for developing CKD, and the level of risk 

is linked to the number of MetS criteria itself(5). Therefore, Kidney function may be 

advisable to be monitored on a regular basis in people with MetS 

CKD is common around the world, affecting around 10% to 14% of the 

overall population with increasing age-dependent prevalence of up to 47% in 

persons older than 70 years(6). CKD burden is not limited to the disease itself, 

extending to ESKD and CKD-related CVD and other complications. In order to 

reduce the burden of CKD, it is critical to identify which people are most at risk so 

that they can be evaluated and treated as soon as possible. It is hoped that early 
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detection and treatment will limit the proportion of patients with CKD progressing 

to ESKD and consequently the requirement for renal replacement therapy will be 

reduced(7).   

Because the first indicators of kidney injury appear in the tubular cells, and 

subsequently the urine in the lumen, urinary biomarkers may offer potential 

advantages in comparison to blood biomarkers. As a result, they are more sensitive 

to changes in renal function, typically showing abnormal results within the first 

day of renal compromise(8).   

Because proteinuria, serum creatinine and subsequently calculated GFR are 

insensitive, relying on them may result in a significant time lapse during which 

effective interventions could be investigated and implemented. As a result, new 

validated biomarkers for CKD progression and CVD risk are needed(9).  

Recently, intensive prospective and cross-sectional studies demonstrated 

that increased urinary IgG level was found to be useful predictor of diabetic kidney 

disease in normoalbuminuric patients with type 2 DM, suggesting their potential 

for use as markers in predicting early-stage diabetic kidney disease(10).  

Furthermore, urinary IgG was found to have a substantial positive correlation 

with glomerular injury. Therefore, it is a crucial marker protein for detecting early 

glomerular filtration membrane selective barrier damage(11). Thus, the objective of 

this study was to report the association between the presence of MetS and its 

individual components, and CKD. 

Aim of the work: The current study evaluated urinary immunoglobulin G 

levels as a predictor of early chronic kidney disease in subjects with MetS. We 

investigated urinary IgG levels that could be useful to detect subclinical CKD 

associated with the status of MetS, individual components of MetS, and number of 

MetS components. 

The study correlated these levels with urinary albumin/creatinine ratio and 

estimated GFR as established markers for kidney damage. 

Study design: This is a single-center cross-sectional study. Participants were 

enrolled from those attending the Internal medicine outpatient clinics, Fayoum 

University hospital between March 2020 and August 2021. 81 adult participants 

were included, and agree to participate in the study after due clarification. All 

participants were divided into 2 groups: with MetS (56 in MetS group) and without 

MetS (25 in non-MetS group), with MetS being identified using the NCEP ATP III 

criteria[12, 13] and revised in 2005(34) as having three or more of the following traits, 

including traits you're taking medication to control: - Large waist: A waistline that 

measures at least 35 inches (89 cm) for women and 40 inches (102 cm) for men. - 

High triglyceride blood level: ≥150 mg/dl (1.7 mmol/L). - Reduced HDLc: < 40 

mg/dL (1.04 mmol/L) in men or < 50 mg/dl (1.3 mmol/L) in women. - Increased 

blood pressure ≥ 130 mmHg systolic and/or ≥ 85 mmHg diastolic and/or with pre-
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existed individual history of hypertension and/or with taking antihypertensive 

therapy. - Elevated FBG ≥ 100 mg/dl (5.6 mmol/L).  

Patients with known CKD, DM, neoplasm, severe cardiovascular, cerebrovas-

cular or liver diseases, infection or autoimmune diseases and Females on hormonal 

replacement therapy and pregnant women were excluded. 

 

METHODS 

 

We used a semi-structured questionnaire collecting information on socio-

demographic characteristics, medical history, lifestyle features, and current 

medical treatment, physical examination including anthropometric data, blood 

pressure measurement, and conducting biochemical tests of blood and urine.  

Anthropometric measurements including height using a ‘drop down’ tape 

measure, body weight using a digital screen scale and waist circumference were 

recorded. Body mass index (BMI) was calculated by the formula: BMI=Body 

weight (kg)/ Height (m2), and categorized based on the WHO classification into: 

Underweight <18.5 kg/m2, Normal weight 18.5-24.9 kg/m2, Overweight 25-29.9 

kg/m2  and Obese ≥ 30 kg/m2 

Waist circumference measurements was measured with an inelastic tape 

measure at the midpoint between the lower margin of the last palpable rib and the 

top of iliac crest at the end of a normal expiration with the patient standing 

according to the WHO guidelines. Abdominal obesity was defined according to the 

waist circumference equal to or greater than 102 cm in men and 89 cm in women. 

Blood pressure was measured by the researcher with a mercury sphygmomano-

meter applied to the arm, with the participant in a sitting position, after at least 10 

min. of rest. The average of three measurements was recorded. 

Mean peripheral blood pressure (MBP) was calculated as: MBP = DBP + 

1/3(SBP − DBP).  

Biochemical Measurements: All venous blood samples were collected from 

participants and biochemical parameters were analyzed using commercial kits. 

The techniques and the classification criteria of the values found were those of 

reference of the laboratory. Serum Fasting plasma glucose (after overnight 8 

hours fasting of participants), serum creatinine, lipid profiles (after overnight 

12 hours fasting of participants) [total cholesterol, triglyceride, high-density 

lipoprotein (HDL- c), low-density lipoprotein (LDL-c)] were measured using a 

spectrophotometric technique by Chemistry Analyzer (MINDRAY BS-200, Diamond 

Diagnostics, Massachusetts, MA, USA) and were represented as mg/dL. 

➢ Haemoglobin A1c (HbA1c) was measured using the high performance 

liquid chromatography (HPLC) (Bio-Rad Laboratories, Inc., USA). Fasting 

plasma Insulin (mU/L) was measured by an automatic biochemical 
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analyzer using the chemiluminescent microparticle immunoassay (Abbott 

Laboratories, Dallas, Bio-Rad Lyphochek Immunoassay, USA). Homeostatic 

model IR index (HOMA-IR) was calculated by the formula: HOMA-IR= FBG 

(mmol/ L) × Insulin (mU/L)/22.5  

➢ Other biochemical parameters analyzed included random blood glucose, 

serum albumin, urea, complete blood counts, ALT, AST and TSH. 

➢ Spot urine samples were obtained for the measurement of immunoglo-

bulin G concentrations by using human enzyme-linked immunosorbent 

assay (ELISA) kits (normal value is 0 - 10,000 pg/ µL [< 10 mg/l]). Spot 

urine samples from the first micturition after rising was obtained for the 

measurement of urinary albumin and creatinine concentrations by the 

Chemistry Analyzer.  

Albuminuria was defined as urinary albumin-to-creatinine ratio (ACR) ≥ 

30 mg/gr according to KDIGO 2012 criteria(14) and was recognized as a marker of 

increased glomerular permeability and renal damage. The enrolled subjects were 

also classified based on urinary ACR. The distribution of albuminuria in our data 

included the three stages: A1: ACR < 30 mg/gr (normal to slightly increased); A2: 

ACR 30–300 mg/gr (moderately increased [microalbuminuria]) and A3: ACR > 300 

mg/gr (severely increased [macroalbuminuria]).  

The eGFR was calculated using The CKD-EPI (Chronic Kidney Disease 

Epidemiology Collaboration) equation. The classification of our subjects based on 

eGFR category included: G1: eGFR ≥ 90 mL/min/1.73 m2; G2: eGFR = 60–90 

mL/min/1.73 m2; G3: eGFR = 30–60 mL/min/1.73 m2; G4: eGFR = 15–30 

mL/min/1.73 m2; G5: eGFR < 15 mL/min/1.73 m2. Chronic kidney disease was 

defined according to KDIGO 2012 criteria as eGFR < 60 mL/min/1.73 m2 or 

albuminuria (ACR ≥ 30 mg/g) for time duration more than 3 months(14). 

The study protocol was approved by the Medical Ethics Committee of 

Fayoum University. The study adhered to the tenets of the Declaration of Helsinki 

and was reviewed and approved by the Medical Ethics Committee of faculty of 

medicine, Fayoum University. Informed consents were obtained from all 

participating subjects analyzed in this study. All the data were input into Excel 

and statistical analysis performed using SPSS 20.0 software. The mean values 

between two groups were compared using the t-test, and the comparison of mean 

values among multiple groups was made using one-factor ANOVA for quantitative 

variables, mann-whitney and kruskal-wallis tests were used instead for –not 

normally distributed quantitative variables, chi-square test was used to compare 

qualitative variables between groups  

The correlation was analyzed using spearman correlation the logistic 

regression analysis was used to identify the risk factors of CKD. Odds Ratios (ORs) 
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and 95% confidence intervals from logistic regression were used to estimate the 

association between metabolic syndrome components and CKD. 

 

RESULTS 

 

Totally, 81 persons were enrolled in this study, including 56 in the MetS 

group and 25 in the non-MetS group. Among them, 41 males (50.6%) and 40 

females (49.4%). Males were 50% in MetS group and 52% in non-MetS group (P = 

0.86). The average age was 44.54 ± 10.6 years in MetS group and 40 ± 8.1 years in 

non-MetS group (P = 0.06). Totally, 25% of the subjects in MetS group were taking 

antihypertensive therapy compared to 4% in non-MetS group (P < 0.03). 

The distribution of metabolic syndrome components included 7 persons with 

no MetS component, 38 with 3 MetS components and 9 participants with one, two 

and four MetS components. Separately, the most prevalent component of MetS in 

the study population was: increased blood pressure observed in 58 participants 

(71.6%), followed by visceral obesity in 56 subjects (69.1%), high FBG in 42 

participants (51.9%), reduced HDL-c in 39 participants (48.1%) and elevated 

triglycerides in 28 participants (34.6%) respectively. 

Table 1 showed that BMI, waist circumference, hypertension, FBG, RBG, 

HbA1c, TG, TG/ HDL-c ratio, serum creatinine, urinary ACR, ALT, AST and HOMA-

IR were significantly higher in the MetS group than in the non-MetS group. While, 

the levels of HDL-c and eGFR were significantly lower in the MetS group than in the 

non-MetS group. 
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Table 1. Characteristics in MetS Group and non-MetS Group 

 

 MetS group Non-MetS group 

P value  Mean ±SD Mean ±SD 

Age (years) 44.54 10.6 40 8.1 0.061 

BMI (kg/m2 ) 34.68 7.72 29.55 5.63 0.004* 

Urinary IgG (pg/µL) 10000 841.376 8725 2150.024 <0.001* 

Urinary ACR 26.2411 26.66697 16.0000 4.23281 0.012* 

Urinary ACR >30  8 (14.3%) 0    

Serum Creatinine (mg\dl) 0.880 0.1764 0.726 0.1455 <0.001* 

estimated GFR (ml/min/1.73 m2) 93.93 21.022 114.32 15.296 <0.001* 

Classified eGFR, n (%) <60                                                    

60-90 >90 

4 (7.2%)         

24 (42.8%)                             

28 (50 %) 

0                                          

0                                      

25 (100%) 

 

HOMA-IR 4.89 4.9 2.17 1.03 0.008* 

RBG (mg\dl) 185.73 97.317 114.56 12.393 <0.001* 

HbA1c (%) 6.49 1.412 5.28 0.437 <0.001* 

TG/ HDL-c ratio 4.0525 3.09727 1.5359 0.723 <0.001* 

TG/ HDL-c ratio >2.67, n (%) 33(58.9%) 2(8.9%) <0.001* 

Hemoglobin (gm\dl) 12.641 1.2680 12.924 1.0553 0.333 

Serum ALT (mg\dl) 34.02 6.323 24.20 9.055 <0.001* 

Serum AST (mg\dl) 30.62 6.231 25.48 7.550 0.002* 

Serum Albumin (mg\dl) 4.716 0.302 4.628 0.398 0.277 

Blood urea (mg\dl) 28.77 8.393 23.20 6.850 0.005* 

Total Cholesterol (mg\dl) 210.65 52.618 191.78 37.986 0.131 

LDL-c (mg\dl) 136.35 45.574 120.52 33.587 0.145 

Thyroid stimulating hormone 1.75 0.744 4.16 3.687 0.061 

Serum Fasting Insulin (mIU\mL) 15.536 16.9649 9.292 2.7171 0.072 

 

*: P < 0.05 between the MS group and the non-MS group; BMI: Body mass 

index; CKD: Chronic kidney disease; eGFR: estimated glomerular filtration rate; 

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; FBG: Fasting blood 

glucose; RBG: random blood glucose; HDL-c: High density lipoprotein-cholesterol; 

LDL-c: low density lipoprotein-cholesterol; TSH: thyroid stimulating hormone; TG: 

Triglycerides. 
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Moreover, urinary IgG was significantly higher in the MetS group than in the 

non-MetS group (P < 0.001). These findings indicated that the subjects with MetS 

were strongly associated with CKD and the probability of CKD exposure was 7.7 

times in MetS group in comparison with non- MetS group as shown in table 2. 

 

Table 2. The urinary immunoglobulin G (IgG) levels in metabolic syndrome (MetS) 

Group and non-metabolic syndrome (non-MetS) Group (the association of metabolic 

syndrome status with CKD, based on evaluating urinary IgG levels) 

 

*: P < 0.05 significant between the MetS group and the non-MetS group; CI, 

confidence interval; CKD: Chronic kidney disease; MetS, metabolic syndrome; OR, 

odds ratio; Urinary IgG: immunoglobulin G. 

 

Relationship of MetS components and elevated urinary IgG: The 

association between MetS components and prevalence of CKD based on evaluating 

urinary IgG concentrations were explored. Analysis showed that elevated urinary IgG 

concentrations was associated with elevated waist circumference, hypertension, 

elevated FBG and reduced HDL-c but not with elevated TG as shown in table 3. 

 

Table 3. Relationship of metabolic syndrome (MetS) components with  

elevated urinary immunoglobulin G concentration 

   

  
Urinary IgG Concentration (pg/µL) 

P value 
Elevated IgG(49) Average IgG(32) 

Elevated Waist 

Circumference, n (%) 

YES 44 (78.6%) 12 (21.4%) 
<0.001 

No 5 (20%) 20 (80%) 

SBP > 130 or DBP > 85 

(mmHg) or history of 

hypertension, n (%) 

YES 40 (69%) 18 (31%) 

0.013* 
No 9 (39.1%) 14 (60%) 

FBG (>100 mg\dl) n (%) 
YES 30 (71%) 12 (28.6%) 

0.037* 
No 19 (48.7%) 20 (51.3%) 

Triglycerides (>150mg\dl) 
YES 18 (66.7%) 9 (33.3%) 

0.422 
No 31 (57.4%) 23 (42.6%) 

HDL-c  (< 40 mg\dl in men)     

(<50 mg\dl in women) 

YES 28 (71.8%) 11 (28.2%) 
0.045* 

No 21 (50%) 21 (50%) 

 

*: P < 0.05 significant; OR, odds ratio; CI, confidence interval; ACR: Urinary 

Albumin Creatinine Ratio; CKD: Chronic kidney disease; eGFR: estimated glome-

rular filtration rate; FBG: Fasting blood glucose; SBP: Systolic blood pressure; DBP: 

Elevated urinary IgG MetS group Non-MetS group OR (95%CI) P value 
Number 42 7 7.7 

(2.67-22.3) 
< 0.001* 

Percent % 75.0% 28.0% 
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Diastolic blood pressure; MetS, metabolic syndrome; Urinary IgG: immunoglobulin 

G; HDL-c: High density lipoprotein-cholesterol. 

Unadjusted analysis showed that the odds ratio for elevated urinary IgG 

concentrations was associated with elevated waist circumference, hypertension, 

elevated FBG and reduced HDL-c but not with elevated triglycerides as shown in 

table 4. After adjusting for age and gender, it showed that except elevated 

triglycerides and elevated FBG, all the other elements including hypertension, 

reduced HDL-c and elevated waist circumference were strongly associated with 

elevated urinary IgG concentrations (Table 4). 

While after further correcting the impact of age, gender, smoking, and other 

MetS components, the ORs for elevated urinary IgG concentrations remained 

strongly associated with elevated waist circumference and reduced HDL-c (Table 4). 

Notably, from the four MetS components that were associated with increased 

elevated urinary IgG concentrations, elevated waist circumference showed the 

highest OR (P < 0.001) whether adjusted or not as shown in Table 4. 

 

Table 4. The elevated urinary immunoglobulin G (IgG) levels associated with  

the presence of each MetS component 

 

 Unadjusted Adjusted for age and sex 
Adjusted for age, sex &other  

MetS components 

 P value OR 95% CI P value OR 95%CI P value OR 95% CI 

Visceral Obesity <0.001* 14.7 4.55-47.23 0.001* 18.01 4.8-66.48 0.000* 19.168 4.40-83.5 

Increased BP 0.016* 3.45 1.26-9.45 0.03* 3.2 1.12-9.19 0.136 2.749 0.728-10.4 

FBG (>100 mg\dl) 0.039* 2.63 1.05-6.58 0.077 2.37 0.9-6.1 0.381 1.739 0.504-5.9 

Triglycerides 

(>150mg\dl) 
0.326 1.6 0.619-4.23 0.314 1.68 0.6-4.6 0.663 0.756 0.214-2.66 

Reduced HDLc 0.047* 2.6 1.01-6.4 0.044* 2.64 1.029-6.8 0.045* 3.538 1.03-12.2 

 

*: P < 0.05 significant; OR, odds ratio; CI, confidence interval; BP: blood pressure, 

CKD: Chronic kidney disease; FBG: Fasting blood glucose; MetS, metabolic syndrome; 

IgG: immunoglobulin G; HDL-c: High density lipoprotein-cholesterol. 

Table 5 showed that elevated urinary IgG concentrations significantly 

correlated with albumin creatinine ratio as established marker for kidney damage.   
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Table 5. Correlation of urinary immunoglobulin G (IgG) elevation with  

established markers of chronic kidney disease (CKD) 

 
  Urinary IgG Concentration (pg/µL) P value 

Elevated IgG  (49) Average IgG  (32) 

Urinary Albumin 

Creatinine Ratio 

< 30 41 (56.2%) 32 (43.8%) 0.019* 

> 30 8 (100%) 0 

Estimated GFR 

(ml/min/1.73 m2) 

> 90 28 (52.8%) 25 (47.2%) 0.03* 

60-90 17 (70.8%) 7 (29.2%) 

< 60 4 (100%) 0 

 

*: P < 0.05 significant; eGFR: estimated glomerular filtration rate; CKD: 

Chronic kidney disease; IgG: immunoglobulin G; Urinary ACR: Urinary Albumin 

Creatinine Ratio. 

Table 6 showed that there was a statistically high significant positive 

correlation of urinary IgG level with waist circumference, RBG and serum 

creatinine. Besides, statistically high significant negative correlation of urinary IgG 

level with absolute values of eGFR. 

 

Table 6. Correlation between urinary immunoglobulin G (IgG) level and  

other quantitative variables 

 

Variable  
Urinary IgG 

concentration 
Variable  

Urinary IgG 

concentration 

Age 
r 0.073 

Waist Circumference (cm) 
r 0.301** 

P value 0.503 P value 0.006 

Fasting Blood 

Glucose (mg/dl) 

r 0.216 
Triglycerides (mg/dl) 

r 0.091 

P value 0.052 P value 0.419 

Random Blood 

Glucose (mg/dl) 

r 0.234* High density lipoprotein-

cholesterol, HDL-c (mg/dl) 

r - 0.153 

P value 0.036 P value 0.110 

Serum Creatinine 

(mg/dl) 

r 0.227* Low density lipoprotein-

cholesterol, LDL-c (mg/dl) 

r 0.369 

P value 0.041 P value 0.386** 

estimated GFR 

(ml/min/1.73 m2) 

r 

 

- 0.229

* Body Mass Index (kg/m2) 
r <0.001 

P value 0.039 P value 0.091 

 

*: Correlation is significant at P < 0.05 level; **: Correlation is significant at P < 

0.01 level; eGFR: estimated glomerular filtration rate; Urinary ACR: Urinary 

Albumin Creatinine Ratio. 
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DISCUSSION 

 

Early detection of CKD enables for more rapid interventions in order to 

control disease progression and management of risk factors. This will translate 

into better patients’ prognoses as well as financial benefits related to reducing 

healthcare costs(9). MetS has been shown to significantly increase the risk of 

ischemic heart disease, stroke, DM, Alzheimer’s disease (and other dementias), 

kidney disease and cancers(15). Consequently, MetS has now become a major public 

health concern worldwide(16). 

CKD is a silent disease; hence most CKD patients are asymptomatic during 

the early stages of the disease. This poses a challenge for healthcare providers to 

start treatment or preventative measures. The problem with CKD diagnosis is that 

it is still done based on measurements of albuminuria and calculations of eGFR. 

The present staging system is controversial, particularly in terms of the 

methodology applied to diagnose and prognosticate CKD(17). From this 

background, in this single-center cross-sectional study, we aimed to investigate the 

association of the MetS status with CKD, based on evaluating urinary IgG levels as 

suggested early biomarker for chronic kidney damage. Correlate urinary IgG levels 

with established predictors of CKD namely albuminuria and eGFR. 

In our data, among MetS subjects, the prevalence of moderately or severely 

increased albuminuria (ACR ≥ 30 mg/gr) was 14% and a low eGFR (<90 

mL/min/1.73 m2) was found in 20 patients (35.7%) one of them with eGFR (< 60 

mL/min/1.73 m2). This is because we excluded subjects with known DM and 

subjects with known CKD.  

We found that seven of our subjects had moderately or severely increased 

albuminuria despite having an eGFR > 60 mL/min/1.73 m2 (G1 and G2 stages). 

Indeed, the kidney damage defined by the presence of albuminuria (ACR ≥ 30 mg/gr) 

can be combined by a normal or raised GFR, in agreement with previous reports(18). 

Thirty-four of our enclosed MetS subjects had a normal renal function determined by 

an ACR < 30 mg/gr in conjunction with an eGFR > 90 mL/min/1.73 m2.  

The BMI, waist circumference, hypertension, FBG, RBS, HbA1c, TG, TG/ HDL-c 

ratio, serum creatinine, urinary ACR and HOMA-IR were significantly higher in the 

MetS group than in the non-MetS group. While, the levels of HDL-c and eGFR were 

significantly lower in the MetS group than in the non-MetS group. These findings 

were concordant with other studies conducted with the adult population and that 

used the same diagnostic criteria for MetS(19). 

Our results showed a significant association between MetS and higher 

urinary IgG levels compared to non-MetS. Also, the association between MetS and 

increased albuminuria was significant. In agreement, previous studies reported an 

elevated risk for CKD due to the presence of MetS[
20, 21

]. 
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In the meantime, in this study, we observed that the subjects who had higher 

urinary IgG levels presented with more MetS components (mainly those with 3 and 

5 components) than the subjects who had 0 - 2 MetS components). Despite of that, 

there was no linear significant positive correlation trend between the number of 

MetS components and the prevalence of CKD, unlike earlier cross-sectional studies[
22, 

23
]. On the other hand, comini et al. demonstrated results in line with ours(19).  

When evaluated by a number of components rather than by a single 

component, MetS has previously been shown to be a substantial independent risk 

factor for CKD defined by eGFR < 60 mL/min/1.73 m2 [
24, 25

]. Consistent with 

previous studies, Thomas et al. found that individuals with up to five components 

had a higher risk of developing CKD than those who didn't have any, possibly due 

to an additive negative impact of the cluster of MetS components rather than single 

components(26). 

These findings highlight that periodically monitoring MetS status in people is 

important for public health and medical care since these people are rarely treated, 

despite the fact that they are at a significant risk of developing CVD, CKD, and all-

cause death in the future. This is especially essential given that a lifestyle change 

could successfully resolve MetS status. 

Indeed, in the present study, we noted that the subjects in MetS group had 

significantly higher HOMR-IR, together with significantly higher waist circumfe-

rence and BMI, implicating a higher insulin resistance (IR) in MetS group than in 

non-MetS group.  

Insulin resistance (IR) is becoming better recognized as a key factor in the 

development of early kidney disease independent of the presence of diabetes. 

MetS-related renal function deterioration may be linked to IR(27). Reducing IR can 

provide a theoretical basis for prevention and intervention of the CKD occurrence 

and progression, implying that early monitoring and treatment of MetS individuals, 

as well as improving IR, is advantageous to our CKD prevention and treatment(21). 

Furthermore, the role of IR in MetS establishment could explain the observed 

strong relationship between MetS presence and renal illness aetiology. Although 

the total number of diabetic individuals manifested MetS, Raikou et al. found that 

some participants with hypertension nephrosclerosis had not exhibited MetS, 

possibly due to rising IR in diabetics rather than hypertensive individuals(25). 

It has been proposed that IR plays a crucial role in the onset and progression 

of kidney damage in the MetS population, with the mechanism being that hyperin-

sulinemia enhances oxidative stress, protein glycosylation oxidation, and lipid 

peroxidation, promoting renal impairment progression. The primary mechanism 

of IR-induced glomerular and tubulointerstitial injury may be connected to the 

inappropriate activation of the renin-angiotensin-aldosterone axis. As a result, IR 

could be an important therapeutic target for patients with CKD(21). 
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As noted here, this study showed a significant correlation of MetS and its 

components with CKD. This finding is in line with those of previous studies(21). 

Furthermore, the unadjusted association between higher urinary IgG levels and 

separated MetS components showed that visceral obesity, high FBG, hypertension 

and low HDL-c were significant factors.  

Unadjusted analysis showed that the risk for CKD was associated with 

elevated waist circumference, hypertension, elevated FBG and reduced HDL-c but 

not with elevated TG. These findings were consistent with other adult population 

conducted studies and that applied the updated NCEP ATP III criteria for MetS 

diagnosis(19). Most studies suggested that elevated FBG levels or blood pressure 

were the strongest predictors of CKD in MetS[
23, 25

]Among the MetS components, 

high TG, low HDL-c and hyperglycemia were independently associated with the 

occurrence and development of CKD according to Hu et al.(21). 

In our adjusted model for age and gender, we found that elevated waist 

circumference, hypertension and reduced HDL-c could be significant factors for 

CKD, based on evaluated IgG concentrations. While after further correcting the 

impact of age, gender, and other MetS components, the risk for CKD remained 

strongly associated with elevated waist circumference and reduced HDL-c. 

Notably, from the four MetS components that were associated with increased 

risks of CKD. The elevated waist circumference showed the highest ORs whether 

adjusted or not. The subgroup analysis showed that visceral obesity, particularly, 

remained strongly associated with CKD, independent of diabetes and hypertension.  

Regardless of overall adiposity or increased BMI, central obesity is an 

important factor in MetS that causes IR and is linked to CKD. As a result, visceral 

obesity should be concerned in addition to the other metabolic syndrome 

components while managing the risk of CKD. 

Indeed, in our data, visceral obesity was the strongest predictor of CKD in 

MetS. This is concordant with previous reports. These reports have confirmed that 

obesity is associated with increased risk of developing CKD. This risk extends to 

metabolically healthy individuals, demonstrating that obesity per se contributes to 

CKD independent of the MetS. Recently, developments in the obesity related 

kidney disease pathophysiology indicate that abnormal lipid metabolism and 

chronic inflammation contribute to renal cell injury[
28, 29

] . 

In this study, we found that high triglycerides was not a significantly 

predictor of CKD. Contrary to this study, Hu et al. and Xie et al. reported that 

elevated TG was to be the most significant independent risk factor for incident 

CKD[
21, 30

]. 

Hu et al. suggested that the mechanism of hypertriglyceridemia induced 

incident CKD, defined by rapid deterioration of GFR, may be related to lipotoxicity 

and lipid overload(21). 
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Xie et al. found that, in patients with hypertension, hypertriglyceridemia, 

elevated FBG and hypertension grades were all significantly associated with the 

CKD prevalence. Elevated TG, in particular, was strongly linked to CKD, indepen-

dent of diabetes and hypertension severity(30). This controversy could be explained 

by the complexity and incomplete understanding of the interrelationships between 

each component of MetS and CKD. 

In our adjusted model, MetS subjects with FBG >100 mg/dl showed higher 

urinary IgG levels than those subjects with FBG <100 mg/dl. This goes in harmony 

with Narita et al., who found that, in early stages of diabetic nephropathy, increa-

sed intraglomerular hydraulic pressure induces a concomitant increase in certain 

urine proteins including IgG but without simultaneous increased albuminuria(31). 

Moreover, Kamal et al. found that, in early stages of diabetic nephropathy IgG 

appears in urine even before microalbuminuria(32). 

Until date, it is difficult to conclude a causal link between MetS components 

and renal functional decline. It has been hard to ascertain which of these separate 

pathways contributes to the CKD risk. 

This study showed, however, that TG/HDL-c ratio was significantly higher in 

the MetS group than in the non-MetS group. This result goes in harmony with 

those of previous investigations that suggested the TG/HDL-c ratio as an indepen-

dent risk factor for CKD(33). 

This study showed that urinary IgG levels were significantly correlating with 

albuminuria and estimated GFR as established markers for kidney damage.  

Elevated urinary IgG levels was significantly correlated with urinary ACR and 

showed statistically high significant negative correlation with absolute values 

eGFR. Although we excluded subjects with known DM and/or known CKD, 

however, it is possible to observe the positive correlation between higher urinary 

IgG levels and albuminuria and negative correlation between urinary IgG levels 

and absolute values of estimated GFR. In fact, previous studies reported the 

correlation between increased elimination of urinary IgG and CKD known markers 

namely albuminuria besides low eGFR(10). 

The study suggested that MetS status and its individual components of 

abdominal obesity, high FBG, hypertension and reduced HDL-c, as well as the 

number components, may be independently associated with CKD. The strength of 

the study is that to our knowledge, this was the first study to evaluate the role of 

urinary IgG levels in detecting the risk of CKD in subjects with MetS. Our results 

also suggest that monitoring urinary IgG levels changes in MetS may be an 

important approach to identifying populations at higher risk of renal dysfunction 

and may help to prevent CKD in clinical practice. 
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CONCLUSION 

 

It is suggested that elevated urinary IgG could be used as a biomarker for 

early detection of renal disease in MetS subjects with normal albuminuria. 

Abdominal obesity per se may be an important risk factor for CKD. 

Larger studies are needed to determine the sensitivity, specificity, and cut-off 

value of urinary IgG as a predictor of early CKD in MetS patients. Particularly, these 

aspects were shown to be variable across studies. Repeated evaluations of MetS 

status and identification of those at risk of developing CKD will give evidence for 

future interventional research. These studies should determine whether treating 

the MetS components has a prophylactic effect on the progression of CKD. More 

attention should be focused on visceral obesity during risk management in order 

to prevent CKD and further research into the mechanism behind is needed. Further 

prospective studies are warranted to confirm our results, contribute to more 

evidence regarding the diagnostic accuracy of urinary biomarkers and validate 

their predictive value of CKD in MetS subjects. 

The main limitation of this study is the relatively small sample size, by which 

the possibility of bias might exist. In addition, since its cross-sectional design 

conducted in a single center, it did not prove causal relationship between metabo-

lic syndrome components and CKD. However, we could conclude that there was a 

strong independent association between them. Despite statistical adjustment 

methods used in the study, the results could still be influenced by confounding 

factors linked to metabolic syndrome. 
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